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ELECTROCHEMISTRY  Of  POLYMER  FILMS  HOT  IMMERSED  IH  SOLUTION : 

ELECTRON  TRANSFER  OH  AM  IOR  BUDGET 
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end  Royc*  V.  Murray* 

Kenan  Laboratories  of  Chemistry 
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ABSTRACT 

Kilos  of  poly-lOs(bpy )2(epy)2)(Cl04)2  sandwiched  between  two  oetsllic 
electrode*  can  support  electron  bopping,  concentration  gradient -driven 
electron  conduction  in  acetonitrile  vapor  and  in  dry  N2  gas,  i*en  the 
potential  difference  /\E  between  the  electrode*  is  oade  such  as  to  generate  a 
mixture  of  Os(UI),  0*(U),  and  0*<t)  states.  The  Utter  requirement  is 
dictated  by  the  fised  pool  (ion  budget)  of  CIO^'  counterions  in  the  film.  Xt 
is  significant  that  C)04~  ions  can  one*  relatively  freely  in  the  dry  film, 
that  the  apparent  Oa(in/XI)  and  0*(lI/I)  formal  potential*  are  different  for 
the  vapor  and  dry  Nj  environments,  and  that  currents  through  Ary  polymer 


This  laboratory  recently  described1  steady  state  electron  con due 
through  sub-micron  films  of  electroactive  polymeric  tranaitioa  mats 
complexes  sandwiched  between  two  elect rodea.  Complexes  lihe 
[Oa(bpy)2(vpy )2)(C104)2  were  electropolymerised2’3  onto  polished  Ft 
overlaid  with  a  porous  film  of  evaporated  Au,  which  was  contacted  b 
electrolyte  solution  containing  reference  and  auxiliary  electrodes, 
paper,  we  show  that  voltammograms  with  large  limiting  currents  can 
obtained  for  similarly  prepared1  Pt/poly-[Os(bpy >2(vpy )2)(Cl04)j/Ag 
sandwiches  in  the  absence  of  an  electrolyte  solution,  bathed  only  i 
acetonitrile  vapor,  or  dry  i2  gas. 

The  essential  feature*  of  the  previous1  sandwich  voltSMttry  i 
electrolyte  solution  are  suvarised  in  Figs.  1A  sad  IB.  Fig.  1A  is 
uoltammogrem  where  only  is  controlled  (vs.  SSCS ),  and  show*  ms* 
0a( II I/II ) ,  Oe(ll/I),  aad  Os (I/O)  (formal)  couples.  In  Fig.  IB,  * 
E?t  and  E4u  ar*  coat rolled  (vs.  BSCS),  iAu  at  OT  and  Ept  being  vari 
staady  state  current -potential  wav*  appears  when  E^  passes  each  re 
film  electroactivity.  In  the  wove  at  positive  ,  for  instance,  I 
limiting  current  <txxx/xx>  ***oa  that  all  of  the  polymer  next  to  tl 
electrode  i*  Oa(III)  and  all  that  next  to  the  Au  electrode  is  0*(ll 
linear  concentration  gradients  of  Oa(IZI)  and  Os (XI)  states  in  the 
of  the  film  as  in  Fig.  IB  inset.  This  ixxx/xx  limiting  current  is 
by  the  rate  of  electron  hopping  between  Os(Xtl)  and  Oe(ll)  cites  it 
and  is  proportional  to  the  electron  diffusion  coefficient 
On  (III/ II)  co^ile  and  inversely  proportional  to  film  thickness  d. 

Fig.  1C  shows  a  Pt/poly- (0*(bpy )j(vpy ^HClO^/Au  sandwich  m 
two  elect  rods  cell  bathed  in  acetonitrile  vnnor  (not'd,  25*0.  Ha 
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flows  until  ch«  potential  /\E  applied  between  the  ft  and  Au  al ectrode* 
axcaada  ca.  l.tV.  Then,  a  reproducible,  steady  atata  vsltaBograa  appears 
with  an  *|  •  2.02*0.01 V  (for  7  alactrodas)  which  equals  tha  difference 
batwaan  tha  fowl  potent  iala  *0.73  and  -1.32V  of  tha  0a (XI1/I1)  and  Oa(lI/I) 
couples  appearing  in  Pigs.  1A  and  IB. 

We  ascribe  tha  electrical  behavior  ia  Pig.  1C  to  the  production  of 
Os(Xll)  and  Oe(I)  sites  at  Pt  and  Au  alactrodas.  respectively.  Without  a 
bathing  electrolyte  solution,  charge  conservation  requires  that  for  each 
Os(Il)  site  oxidised  to  Os(lII)  at  the  Pt  electrode,  another  nnst  be  reduced 
to  0e(X)  (releasing  a  C10^~  counterion)  at  the  Au  electrode.  This  can  he 
called  an  ion  budget,  to  snphasis  the  coupling  of  the  redos  chemistry  of  the 
fils  to  its  fisad  but  evidently  quite  mobile  pool  of  electroinaetive  C10^ 
counterions. 

The  limit  log  current  i|jj^|  in  Pit*  *C  can  be  related  to  that  of  the 
0e(Ill/ll)  wave  (i^jj)  in  Pig.  IB  with  simple  electron  diffusion  and 
charge  conservation  statements  to  give7 

A1I1/I/11II/II  "  1  *  ®®d<II/I)^®!»CHI/II)^ 

If  the  electron  diffusion  coefficients  and  for  tha 

Oadli/ii)  and  0a(ll/l)  couple#  U  Pig.  1C  art  assumed  to  ho  the  soma  as 
those  is  eceteoitrile  liquid- bat had  pelymer  ia  Pig.  IB.  this  #q set  ion 
predicts  that  ^xil/l^Ul/lI  *  i*  foirly  close  to  the  ratio 

oboerved  ia  Pig.  1C  aad  aaa logons  amparimanta.  2. 1*0.4  (avg.  of  7 
elect rodoo).  Bq.  I  seams  thus  to  give  o  good  firot  order  eccdnnt  of  *be 
vapor -bet bod  onporiaonc.  The  some  theory  predicts  that  concent reties 
profile#  of  Oa(XIt).  OoUD.  nod  OnCI)  sites  in  the  film  ohen  the  im/1  *• 


flaming  are  as  io  Pig,  1C  inset.  The  diagram  contains  tha  elements  th 
Os (III)  and  Oe(I)  sites  react  quantitatively  io  tha  interior  of  the  fi 
form  Oo(II)  sitae,  whose  position  of  moaimun  coocantratioo  io  dotermio 
kr  tb.  io.  bud...  th.  r.l.ti,.  Ml.,  of  »,(m/II)  m*  I 
n*  «t«l  .t  IB.dH/j!)]*  *!  *  *D.(II/I)1*  V 

As  discussod  previously  for  redox  conductivity,  Eq.  1  rests  on  el 
conduction  driven  by  coocentrot ion  gradients  of  Os  redox  sites  and  not 
trans-film  potential  gradients.  Tha  electron  conduct  inn  in  Pig.  1C  in 
rnspnet  diffnrn  from  that  discussod  previously  for  dry  mixod  voloot  fi 
Also,  uu  believe  ijlz/j  n»d  the  electron  diffusion  coofficinnte  in  eq. 
principally  rnflnct  electron  rather  than  ionic  mohilitinn  in  the  polym 
so  ini/I  ia  additionally  different  from  currnnta  in  polymer  electrely 
with  ion-blocking  electrodes.  The  Pig.  1C  experiment  dost  find  ana  lug 
tbin  layer  electrodes  coeteiaiag  solutions  of  redan  species  as  doocrib 
lord  and  enmortere10. 

Voltammetry  of  tbs  some  Pt/poly-lOo(bpy )j(vpy IjKClO^),/ An  eoudwi 
dry  Ij  goo  shown  (Pig.  IB)  o  recognisable  wave  even  though  solvent  tee 
been  deliberately11  added.  The  "dry*  voltommogroo  done  show  signifies 
differences  from  Pig.  1C.  Pirot ,  ttere  is  bystnrnsis  between  currents 
recorded  whoa  is  iocroosing  vs,  decreasing;  this  effect  is  loon 
pronounced  for  slowly  scanned  £g.  Apparently,  Cl0^~  counter ions  ore 
mobile  io  tte  a bee see  of  eceteoitrile  vapor ,  and  on  the  time  seal#  of 
seen  do  not  move  rapidly  enough  first  toward  end  then  sway  frum  the  Os 
side  of  tte  film  (upon  its  oui dot  ion  nod  reduction,  respectively)  t#  • 
true  eteedy  state  currents  and  cemcoatration  prof line  of  On  sites.  At 
Sll/t  7latMi*  ***  cloq"  «nbility  shoal 4  ogaio  become  loos  signifies* 
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relation  to  the  electron  diffusion  rate.  Secondly,  E^  for  both  increasing 
end  decreasing  /^E  scans,  2.47*0. IV  and  2. 14*0. 05V  (avg.  for  8  electrodes), 
respectively,  are  both  larger  than  that  (2.02V)  for  the  vapor-bathed  filn  of 
Fig.  1C.  This  suggests  that  one  or  both  of  the  "dry"  0#(III/1I)  and 
Os (II 1/ 1 )  foraal  potentials  differs  significantly  froa  those  of  the  vapor- 
solvated  couples.  Thirdly,  Uniting  currents  ijn/j  in  dry  N^  (Fig.  ID)  are 
2. 5*0. 6  (avg  of  7  electrodes)  tines  larger  than  those  in  acetonitrile  vapor 
(Fig.  1C).  According  to  Eq.  1,  this  night  occur  either  through  an  increase 
in  or  a  decrease  in  (ixi/II>*  ***  thr€*  effects  have  interesting 

connotations  but  further  experinents  nust  elucidate  their  origin(s). 

Lon  teaperature  voltaaaetry  of  a  Pt /poly- |Os (bpy )^ ( vpy >2 ] (ClO^ )j/Au 
sandwich  electrode  in  acetonitrile  vapor  (Fig.  IE)  is  siailar  to  rooa 
teaperature  results  (Fig.  1C)  except  for  a  slight  hysteresis  indicating 
lowered  Cl 0^  nobility  and  a  depressed  limiting  current  showing  that 

electron  hopping  ia  an  activated  process  in  the  vapor-bathed  fila. 

The  eignificence  of  the  experiaente  in  Pige.  1C-E  is  that  voltaaaatry 
that  can  be  understood  (at  least  to  a  first  ordar)  with  a  siaplt  electron 
diffusion  node I ,  is  observable  in  the  absence  of  an  electrolyte  solution. 

This  opens  a  variety  of  possibilities  for  probing  how  electron  transfer 
events  depend  o«  their  environarnt .  An  obvious  requireaent  of  the  experiaent 
is  that  electroactive  aeteriel  be  e  good  ionic  conductor.  However  two  redox 
couples  are  not  strictly  required  since  one  can,  for  inataoce,  atari  with  an 
Oa( 1X1/ II )  aiaod  valent  fita7. 

Ashoomledfomt .  This  raster ch  was  supported  in  port  by  grenta  froa  the 
Office  of  Novol  Research  and  the  national  Science  Foundation. 
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Figure  1.  Voltaasetry  of  Ft /poly- [Os (bpy  )2(vpy  >2  ]  (ClO^  )j/Au  sandwich 
electrode  in  various  media;  S»31 .2mA/ cm2 ,  |"0s  ■  2.95  *  10~*mol/cm2  (ca .  400 
om  film).  All  volt  a— Digrams  at  25°C  obtained  with  the  same  electrode  with  a 
scan  rate  of  50mV/s  except  as  noted.  The  electrode  was  thoroughly  rioted 
with  CH^CN  after  elect ropolymer i tat  ion ,  dried,  and  subjected  to  10~7  torr 
vacuum  and  moderate  heating  during  Au  evaporation.  It  was  stored  in  a 
deasieator  and  then,  in  the  order  of  the  experiments,  exposed  to  *•» 
(Curve  D),  CH^Ot  vapor  (Curve  C),  and  electrolyte  solution  (Curves  A  and  B). 
Curve  A)  ipt  vs  Ept  in  0.1H  Et^RClO^/CWjCII;  Curve  B)  ipt  vs  Ept  with  EAu"0V 
vs  SSCE  in  0. 1M  Et^RClO^/CHjCR ;  Curve  C)  i  vs  ^E  between  Ft  and  Au 
electrodes  in  dry  saturated  with  acetonitrile  vapor;  Curve  D)  i  vs  [\t  in 
dry  I*1  •  scan  rste-2mV/s;  Curve  E )  i  vs  /\t  in  dry  saturated  with 
CH^CN  vapor  at  -34°C  using  a  different  sandmich  electrode. 


